616th MEETING, LONDON 785 DNA in brain to be detectable by hybridization in situ, and also in recovery of virus from throat swabs. The results cannot be due to hybridization of probe to any sequences in human DNA homologous to HSV DNA since this would lead to excess grains in all cells in every specimen. Possibly detection of homologues is precluded by the stringent hybridization conditions used or by the hybridization in situ technique itself, since it is very sensitive to long but not to short DNA sequences unless tandemly repeated.
The photosynthetic membranes of higher plants are characterized by the presence of two contiguous but distinct lateral domains, i.e. the appressed and the non-appressed regions. The ratio of appressed/non-appressed membrane is typically 60 : 40 for a plant such as spinach, but this may rise to 73 : 25 for a shade-tolerant species such as Alocasia (Anderson, 1982) . Appressed thylakoid regions are rich in protein (85%, w/w) and have a relative dearth ofacyl-lipid (Murphy & Woodrow, 1983) . The average molar ratio of acyl-lipid per protein complex is only 74: 1 (bi-lipids). The average size of a protein complex in appressed regions is 13.3 nm, which would require about 50 acyl-lipid molecules to form a monomolecular annulus (Murphy, 1986~) . It is clear therefore that at any one time something like 70% of the acyl-lipid in appressed regions should be adjacent to a protein surface. This ought to impose a considerable degree of motion-restriction upon the lipid molecules. Evidence for such motionally restricted acyl-lipids in appressed regions has recently been forthcoming (Murphy & Knowles, 1984) . After the incorporation of phosphotidylcholine and phosphotidylglycerol, spin-labelled at the C-14 acyl position, e.s.r. spectra characteristic of strongly motionally restricted lipids were recorded. These two lipids are normal, albeit minor, components of thylakoid membranes. Further e.s.r. studies are now underway in which spin-labelled derivatives of the major thylakoid lipids, the galactolipids, are being employed.
The e.s.r. data imply that acyl-chain motion is substantially affected, in the two phospholipids used here, right down to the C-14 position. This may have implications for the movement of the lipophilic electron-carrier plastoquinone through the thylakoid midplane region. It has been assumed that this region would favour rapid diffusion of plastoquinone (Millner & Barber, 1984) . The presence of motionally restricted lipid may hinder such a diffusion, or alternatively, in the case of semi-ordered system, it may actually give rise to an increase in the diffusion coefficient of plastoquinone. Clearly, more work needs to be done on quinone diffusion in thylakoid membranes. It is possible that the motionally restricted phospholipids may specifically interact with one or more of the thylakoid protein complexes. Indeed, it has been shown that a number of thylakoid protein functions, such as cythochrome b6-f oxidoreduction (Chain, 1989 , oxygen evolution (Gounaris et al., 1983 , high-potential cytochrome b,,, formation (Matsuda & Butter, 1983a,b) and energy transfer from light-harvesting Vol. 14 complexes , Murphy, 1986b , may be specifically reconstituted in the presence of phospholipids.
The notion of specific lipid populations having strong affinity for particular proteins has been extensively debated in the literature although the current consensus does not favour this as being a widespread phenomenon, as reviewed in Deveaux & Seigneuret (1985) . While it is unlikely that specific acyl-lipids strongly interact with thylakoid proteins, it is possible that there are preferential associations between acyl-lipids and proteins. An example may involve the width of the hydrophobic region of a particular polypeptide. In the case of intrinsic membrane proteins, these hydrophobic regions are normally made up of a-helical domains constituting about 25 amino acids. There are examples of smaller and larger domains which would give rise to membrane-spanning hydrophobic regions of different thickness (Murphy, 1986~) . It is likely that a hydrophobic protein core of a specific width would be lined by lipid molecules of an appropriate chain length to exactly fit this width, e.g. the most effective reconstituting agents for the maximum mobility of the intrinsic protein rhodopsin were acyl-lipids of C,, chain length -smaller or larger acyl chains were much less efficient (Kusumi & Hyde, 1982) .
If the width of this hydrophobic region were different from the average bilayer thickness, then a curvature would be imposed of the membrane. For example, the incorporation of a new membrane-spanning protein of hydrophobic width, L, into a lipid bilayer of chain length, 1, will lead to a substantial increase in elastic energy if L # 1. The elastic energy of a lipid molecule is of the order where K is the lateral compressibility of the lipid and A is the surface area per molecule. For T > T,, as would obtain in the thylakoid membranes, K ~ I -0.1 Nm-' . For L -I -0.5nm, this gives, E,, = 2 x lo-*' J, which works out at approximately 2 x 10' J -m-' of thylakoid membrane.
Clearly these energetic effects are substantial enough to allow for a degree of localized lipid de-mixing upon the basis of chain length to occur in the vicinity of such a protein. Overall, the unfavourable entropic consequences of de-mixing and the increase in elastic energy due to the local curvature imposed upon the membrane would be compensated for by the overall decrease in free energy associated with the formation of a sealed membrane with no exposed (to the aqueous phase) hydrophobic surfaces. This kind of phenomenon could readily give rise to apparent lipid--protein associations which would not be due to any strong binding interactions.
In a membrane, such as the chloroplast thylakoid, which has a mixture of acyl-lipid with different chain lengths, the lipids immediately adjacent to the protein surface would tend to be matched up with it on the basis of chain length. If this resulted in a localized curvature, then other lipids would preferentially partition into the curved area, depending upon the direction of the surface curvature (Murphy, 1982) . For example, convex surfaces may be stabilized by the presence of cone-shaped molecules (Israelachvili, 1977) , such as the major thylakoid acyl-lipid, monogalactosyldiacylglycerol (Murphy, 1982 . Concave surfaces may be stabilized by more wedge-shaped lipids, such as the thylakoid component diagalactosyldiacylglycerol (Murphy, 1982) .
In this way it is possible that certain integral membrane proteins may require an adjacent lipid domain of specific composition for their optimal function. Other lipids would be free to diffuse in and out of this domain, but their residence times in the domain would be shorter than those of the preferred lipids. It may therefore be that the apparently flat surface of thylakoids and other membranes, e.g. as seen in electron micrographs, is highly irregular at the molecular level. Large perturbations from a planar conformation may occur, particularly in the vicinity of large integral membrane proteins.
